Abstract-Previously, a scheme in [1] was proposed for the outdated channel state information (CSI) problem, for data transmission in time division duplex (TDD) systems. In user movement environment, the actual channel of data transmission at downlink time slot is different from the estimated channel due to channel variation. In this paper, the effect of different user mobility on TDD downlink multiuser distributed antenna system is investigated. An efficient autocorrelation based feedback interval technique is proposed and updates CSI at less the cost of the downlink time slots. In the proposed technique, the frequency of CSI feedback for different users is proportional to their speed. Cooperative clusters are formed to maximize sum rate where channel gain based antenna selection and user clustering based on signal-to-interference plus noise ratio (SINR) threshold is applied to reduce computational complexity. Numerical results show that sum rate superiority of the proposed scheme over the user mobility.
I. INTRODUCTION
A S the demand of the multimedia applications grows in wireless communication systems, high data rate and extended coverage will form the foundation for future services [1] - [5] . Distributed antenna system (DAS) is a very promising technique to efficiently extend coverage area and reduce overall transmit power by reducing the distance between the transmitter and the receiver [6] - [11] . In the DAS, a number of remote antenna units (RAUs) are deployed at geographically separated locations and controlled by a single central unit (CU) via optical fibre or cable [12] , [13] . All RAUs have different independent channel characteristics because the signal from RAU to different users experience different large scale fading and different small scale fading. Multi-user transmission supported by the DAS causes inter-user interference (IUI), which can be mitigated by linear precoding like zero forcing (ZF) [14] , [15] are used to mitigate the IUI. The precoding technique requires channel state information (CSI) from all users at the CU to form non-interfering beams.
The increasing demand of high data rate due to the use of multimedia services, requires asymmetric traffic between uplink and downlink. The asymmetric traffic in frequency division duplex (FDD) system requires extra system bandwidth, whereas time division duplex (TDD) can fit it into any single spectrum by allocating uplink and downlink time slots according to the traffic condition [16] , [17] . In TDD system, the CU estimates CSI from the uplink pilot sent by the users in uplink time slot and then uses it to derive transmit precoding matrix for transmission at the downlink time slot [21] . However, the CSI obtained by the CU is outdated in practice due to channel variation in user movement environment.
When a user moves, the channel from RAU to the user becomes a time varying channel. In this situation, the transmitted signal is subject to the Doppler effect and hence experiences frequency offset. When the mobility speed increases or the transmission delay increases, the correlation between the actual channel and the estimated channel becomes small which severely degrades the performance. For a multi-user system with linear precoding, the outdated CSI mismatch between the actual channel and the precoder. In [22] , it has been shown that the interference increases and the performance of the precoding system degrades as the channel correlation decreases. The performance of the precoded system finally approaches to non-precoding system, when the channel correlation is beyond the correlation threshold. In [23] , the effects of the imperfect CSI on the ergodic capacity performance was studied and concluded that the performance of the multi-user multiple-input multiple-output (MU-MIMO) system strongly depends on the correlation between the actual channel and the CSI estimated at the transmitter. In [24] , the MU-MIMO system was considered in the presence of imperfect CSI where low mobility users were jointly served and space time coding transmission was adopted to high mobility users.
The feedback interval is the time duration between two uplink time slots where the CU estimates the CSI as shown in Fig. 1 . The low mobility user implicitly has high channel temporal correlation within a feedback interval because of slow channel variation. On the other hand, the high mobility user is subjected to large channel mismatch because the channel varies fast during the feedback interval. The channel mismatch can be reduced by reducing feedback interval. By reducing the feedback interval in the TDD mode, the number of uplink time slot increases at the expenses of the number of downlink time slots reduction within a frame. In [25] and [26] , users were divided into several groups based on their channel strength and the number of feedback time slots is allocated to each group to maximize the sum rate.
In this paper, we investigate the effect of user mobility on the system performance and propose an efficient feedback reduction technique for downlink MU-DAS. The proposed technique divides users into several groups, where feedback interval is allocated based on mobility state information (MSI) as speed. In the DAS, due to less path loss between RAU and user, we consider antenna selection of RAUs and interference based user clustering. Even though same the structure of the feedback reduction technique of [1] is utilized, our work is distinguished from previous work [1] for the following reasons: 1) The channel mismatch error is introduced in our system model, which is controlled by setting threshold values. Therefore, the channel estimation can be fixed by simply changing the threshold values.
2) The proposed scheme performance improves as the user speed increases. This is due to individual threshold value allocation to each cluster and the length of feedback interval increases in comparison to previous technique in [1] .
II. SYSTEM MODEL
Consider a single rectangular cell downlink environment which consists of N t RAUs and K users, as shown in Fig.  2 . N t ≥ K is assumed. Each user is equipped with a single antenna. The users are randomly and uniformly distributed within the cell. We assume that the CU perfectly estimates the CSI of all users at the uplink transmit slot and the MSI of the user is also perfectly known at the CU. Let K denote the user set, i.e., K = {1, · · · , · · · , K} and N denote the RAU set, i.e., N = {1, · · · , · · · , N t }. Under these assumptions, the received signal at user k at time t is given by
where h k (t) ∈ C 1×Nt is a time-varying channel vector, w k ∈ C Nt×K denotes the precoding vector, p k is a power normalization factor of each RAU, s ∈ C K×1 is a transmit symbol vector and n k ∼ CN (0, σ 2 k ) is the additive White Gaussian noise (AWGN). The j-th element of the channel vector h k (t) represents the channel from RAU j to user k at time t, i.e, h k,j (t), which consists of path loss and small scale fading and is given by
where
k,j (t) denotes the path loss with path loss exponent α and distance d k,j between user k and RAU j at time t,h k,j (t) is small scale fading from RAU j to user k at time t and is independently and identically distributed. Theh k,j (t) is Rayleigh distributed and modelled as Jakes fading model [27] where N 0 scatters arrive at moving user with uniformly distributed arrival angles α n , such that scatter n experiences a Doppler shift ω n = 2πfcv c cos α n where f c is the carrier frequency, v is the user speed, c is the speed of light. The small scale fading is given bỹ
where A j (n) is an orthogonal vector of Walsh-Hadamard codewords to generate multiple uncorrelated waveforms at moving user, β n = πn N0 is a phase and gives zero correlation between the real and imaginary parts of h k,i (t), θ n is oscillator phase. The arrival angles is given by α n = π(n − 0.5)/2N 0 .
In the TDD system, there exists a delay τ from the instant when CSI is obtained to downlink transmission. Taking into account the fact that large scale fading change much slower than the small scale fading, we modify the model in [28] and is given by
is the error in the estimate that is uncorrelated with h k (t−τ ) and ρ is the correlation coefficient between the actual channel gain and its estimated channel. For a TDD system, the CU designed the precoding matrix based on the estimated channel at time t − τ . Zero-forcing precoding is considered which completely eliminates interference, i.e., h k (t − τ )w i (t − τ ) = 0 ∀i ∈ K\{k} . The precoding matrix W is the pseudoinverse of H [15] , i.e.,
For a non-zero delay (τ > 0), the CSI is imperfect and
. Due to this mismatch, the desired user's symbol is interfered with the other users' symbols due to the presence of residual interference.
The received SINR of user k at time t is given by
The achievable rate of user k at time t is
We formulate the sum rate maximization problem at time t as follows:
where P = Pt Nt is the maximum transmit power of each RAU, P t is the total transmit power in the cell and γ 0 is target SINR which is common for all users.
Assigning all RAUs to all the users may increase infeasibility due to increment of channel matrix dimension. However, it incurs huge computational complexity due to its large dimension of channel matrix. This gives us to select a subset of RAUs for each user. Therefore, sub-optimization approach needs to be established. One possible approach is to decompose it into multiple sub-problems by channel gain based antenna selection and interference based user clustering to reduce the computational complexity.
The amount of the residual interference depends on the user mobility or the transmission delay, which can be reduced by dividing users into a number of groups based on its speed. Each group contains a set of users which has similar speeds where proposed feedback time slot is allocated to reduce the impact of the residual interference. However, in the DAS, the user experiences different channels from RAUs due to different path loss. This motivates us to consider antenna selection among RAUs and select users by user clustering within the mobility group. This will also reduce the system computational complexity. All clusters are served simultaneously and suffer from inter-group-inter-cluster interference. This interference can be minimized by merging the neighbouring group clusters to form cooperative cluster. The cooperative cluster consists of subset of users of its own group and has a set of users of the other group to coordinate interference.
III. COOPERATIVE CLUSTER FORMATION
The cooperative cluster c is formed to serve the set of users C c while considering the non-negligible interference. The cooperation cluster formation consists of antenna selection and user clustering algorithms. The cooperative cluster formation is carried out once the CSI is obtained at the uplink time slot.
A. Antenna Selection
Antenna selection is carried at the CU based on the estimated channel. At the uplink transmit slot, the CU estimates channel for all users from all RAUs. Let N k be a predetermined number of RAUs that are assigned to user k. The user k * and RAU j * are selected based on the strongest channel gain of the estimated channel as follows
then the user k * and the RAU j * will be removed from allocation procedure. This procedure is repeated until all users are assigned to the RAUs.
B. User Clustering
Each user has own different speed. It can be seen from (4), the residual interference decreases as the correlation of the channel increases. Based on autocorrelation of channel, the users are classified into groups as follows
Medium mobility v 2 < speed ≤ v 3 High mobility (10) where v 1 , v 2 and v 3 are the speeds of users and are determined based on the autocorrelation of channel. After the antenna selection, each group selects the first user k (target user) and its associated RAU which has the highest channel gain. The next user i is selected from the remaining unselected pairs and compute the SINR. The SINR is calculated under the assumption of maximum power transmission and maximum ratio combining [14] and given by
where |N k | is a set of RAUs to serve the user k. If the minimum SINR between the target user and the selected user (γ k,i ) is less or equal to γ c , i.e., γ k,i ≤ γ c , then the selected user is added to the cluster, i.e., C c ∪i. This process is repeated until all the users are assigned to one of the cluster.
The performance of the system is severely degraded due to uncoordinated inter-group-inter-cluster interference. If the SINR of two interfering neighbouring clusters are smaller than the cluster SINR threshold, then the neighbouring clusters are merged and form a cooperative cluster.
C. Cluster based sub-problem formation
Once we complete the user clustering, the inter cluster interferences are suppressed, i.e., γ k,i ≤ γ c . The SINR (6) of user k in cluster c at time t is rewritten as
1×|Nc| is a channel vector from RAUs of cluster c to user k of cluster c, w k,c ∈ C |Nc|×|Cc| denotes the precoding vector for the cluster c, P j ∈ C |Cj |×|Cj | is a diagonal matrix of power normalization factor of each RAU. We assumed same power normalization factor p for every RAU lies in the same cluster.
Hence, the RAU selection and user clustering gives subproblem formulation that maximizes the sum rate at time t
The number of users within a cluster depends on the cluster SINR threshold. If the cluster SINR threshold is small, then the system forms single-user cluster with high probability. In the single-user cluster, a pair of user and RAU is selected which has the highest channel gain. If the cluster SINR threshold is high, then the system formed one cluster with high probability.
IV. FEEDBACK INTERVAL ALLOCATION
This section aim is to allocate uplink time slot allocation in order to minimize the channel mismatch error. The feedback model and the frame structure of the TDD system was shown in Fig. 1 . The channel matrix remains constant during a time slot with length T c . There are N time slots in a time frame, i.e., T = N T c and first time slot is always use for uplink channel estimation.
When the mobility speed increases or the transmission delay increases, the correlation between actual channel and estimated channel becomes small and degrades the performance. This motivates us to derive the feedback interval of the mobility user based on the autocorrelation of the channel. The autocorrelation, R(τ ), of the channel is equal to the zeroth order Bessel function of the first kind, J 0 (.), as,
where f d is the maximum Doppler shift and τ is a transmission delay, i.e., τ = nT c , n = {1, · · · , · · · , N }. A long feedback interval limits the system performance which can overcome by introducing a minimum autocorrelation coefficient ρ o . Therefore, when R(τ ) < ρ o , the next time slot becomes uplink time slot to update the CSI. The feedback interval (T f ) of the user becomes
Let N u and N d be number of uplink/feedback time slots and number of downlink time slots respectively, which are given by
Let T u be uplink/feedback time slot of time frame T and given by
V. SIMULATION RESULTS It is assumed that the users have different mobility and its speed range is 0 to 20 m/s. The MSI is perfectly known at the CU. The frame length is set as T = 10 ms which is divided into N = 100 time slots. In the antenna selection, the number of RAUs assigns to user is one. Table I summarizes the MU-DAS system parameters for performance evaluation. 
Setting minimum autocorrelation coefficient ρ o = 0.8, the number feedback time slots N u and the number of downlink time slots N d is calculated based on (16) . Fig. 3 illustrates the feedback interval of different mobility users as a function of time delay. The autocorrelation R(τ ) of user with speed slower than 2 m/s is always higher than ρ o . When users speed increases or transmission delay increases, the autocorrelation R(τ ) becomes lower than ρ o . So, the next time slot becomes uplink time slot to update the CSI. For example, when the user speed is 4 m/s, the R(τ ) becomes lower than ρ o at τ = 5.0 ms. Thus, the number of feedback interval becomes two, i.e., N = 2. Therefore, the feedback interval becomes smaller as the speed or the transmission delay increases. Table II summarizes the uplink/feedback and downlink parameters for performance evaluation. Fig. 4 illustrates the average user rate of single user clustering as a function of the number of uplink time slots N u with fixed user speed. When v = 0.75 m/s, the autocorrelation coefficient of a user is always higher than threshold value because the channel mismatch error is small within the feedback interval. Therefore, the rate is highest at the least number of uplink time slots, i.e., N u = 1. The user rate decreases when the number of uplink time slots increases due to a reduction of the downlink time slots within frame length. When v = 13.50 m/s, the channel mismatch becomes large within feedback interval and the autocorrelation becomes lower than the threshold value. Therefore, the user rate increases up to N u = 7 due to frequent CSI update. However, the user rate decreases beyond N u > 7 because the reduction of the number of downlink time slots becomes more significant than frequently CSI update. Fig. 5 illustrates the average sum rate as a function of speed. In low mobility group, the users are in walking speed or at stationary. The residual interference remains small even though the transmission delay increases. Therefore, the performance of proposed technique and least number of uplink time slot remain same. When user mobility increases, the residual interference increases as the transmission delay increases. The average sum rate becomes less than the low mobility group due to channel mismatch error. By reducing the feedback interval based on table II, the CSI is updated regularly and reduced the residual interference. Therefore, the average sum rate of proposed technique outperforms a system with least number of feedback interval, i.e., N u = 1 at any clustering threshold regime. At low clustering threshold, all the clusters become the single user clusters with high probability. The single user cluster consists of one pair of the user and the RAU. The inter cluster interference becomes the main limiting factor to saturate the sum rate. As the clustering threshold increases, the multi-user clusters are formed, where multiple users are jointly processed to cancel interference. Therefore, the sum rate becomes higher at the high clustering threshold regime than the interference limited low clustering threshold regime. Fig. 6 illustrates the average user rate as a function of autocorrelation threshold. The autocorrelation of user speed slower than 2 m/s is always high due to slow channel variation and also kept high average user rate. As speed or transmission delay increases, the autocorrelation becomes steeper than the user speed 2 m/s as shown in Fig. 3 . Thus, the system requires updating CSI by reducing the feedback interval. For example, when v = 15 m/s, the user rate increases up to ρ o = 0.6 due to higher correlation value and reduces channel mismatch error. However, the user rate decreases beyond 0.6 due to the reduction of the number of downlink time slot even though the CSI is updated more frequently. Thus, Fig. 6 shows the optimal value of autocorrelation threshold at single user clustering.
VI. CONCLUSION
This paper has studied the sum rate of TDD downlink MU-DAS with the consideration of different user speed. A feedback interval reduction technique based on an autocorrelation of the channel is proposed to minimize the channel mismatch error. The channel gain based antenna selection and SINR threshold based user clustering is proposed to reduce the system computational complexity. To maximize the sum rate, the cooperative clustering is proposed where the feedback interval technique is implemented based on fastest mobility user. The numerical results have shown that the proposed technique can maximize the system sum rate in user movement environment.
The numerical result has also shown that individual autocorrelation threshold value can be allocated to each cluster, to maximize the system sum rate. The proposed technique has good performance for wide range of speed and suitable for future wireless communication systems.
